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INTRODUCTION
There are 177 underground storage tanks on the Hanford Site containing a variety of radioactive and chemical products. Some of these tanks contain waste that needs to be treated to remove Strontium (Sr) and the Transuranium (TRU) elements, before the liquid fraction (supernatant) can be disposed of as low-activity waste. One of easiest ways to do this is by the addition of a reagent that would react with these elements and precipitate them out.
Previous studies with Hanford waste examined the use of Strontium and Iron addition to precipitate out radioactive Sr and TRU elements, but the precipitates are difficult to filter. (SRTC, 2000) . More recent studies suggest that permanganate treatment is a comparable alternative et al, 2000a,b) that produces precipitates more readily filtered than the Sr/Fe combination. However, when manganese is added to simulant tank waste, the reaction occurs quickly, and is difficult to characterize what is happening. The tank waste contains many different reducing chemicals that can account for the observed reaction when permanganate is added. Some of these include formate, glycolate, amine complexants (EDTA, HEDTA, etc.), oxalate, and nitrite. Controlled reactions combining these reductants with permanganate need to be performed to determine the rate at which each reacts, to what the permanganate is reduced to, and what products are created.
Little is known about the kinetics of permanganate reductions using the reagents mentioned Because most of the tank waste on site is alkaline, with a large amount of hydroxide, reactions need to be performed in a higher pH solution.
By using higher pH solutions Mn(VII), Mn(VI), Mn(IV), are the oxidation states mainly encountered. These solutions are easily scanned in the ultraviolet-visible, UV/Vis, spectrometer.
Distinct peaks at 546 nanometers, and 526 nanometers characterize manganese (VII), or the purple permanganate color. Peaks at 606 and 439nm are characteristic of manganese (VI), which represent the green color in solution. When all permanganate and manganate have reacted and all the precipitate is settled to the bottom, the resulting UV/Vis spectrum shows the absence of all peaks. This is congruent with the loss of the color of the solution, turning it clear and colorless, which is also the result of excess reductant. When the reductant is the limiting reagent, the excess permanganate exists either as permanganate or as manganate. This depends on how much the pH of the solution changed throughout the reaction. If the pH is still above 12, it is likely that all manganese will exist as manganate, a green solution. But if enough of the hydroxide was consumed, and the pH is below 12, the manganese will exist as permanganate, changing the solution back to purple.
Using the spectral data, one can select the optimal wavelengths to study the different oxidation states of manganese. Given the absorbance of an analyte at a specific wavelength, one can determine the extinction coefficient of that analyte using Equation 1:
Where A is the absorbance at a particular wavelength,  is the extinction coefficient of that analyte at that concentration, c is the molar concentration of the analyte, and l is the path length, or the internal length of the cell the solution is analyzed in (Parikh, 1974) . Extinction coefficients have been determined for solutions containing permanganate, and manganate ions (Stewart, 1965) . These extinction coefficients make it easier to determine an absorbance value that comes close to the experimental value, given a known concentration and cell length. This allows for a ballpark figure of what an absorbance value is at a certain concentration. Given these extinction coefficients, one can calculate how much of one analyte, such as permanganate, is contained in a solution consisting of both permanganate and manganate.
The purpose of my research will be to analyze the kinetics of reactions between permanganate and various reductants. I will also calculate extinction coefficients, comparing them to literature values. I will also try to determine products of the various reactions, and determine the amount of products produced and reactants consumed.
METHODS AND MATERIALS
The first step to starting the reactions between permanganate and other reducing agents was to construct a calibration curve to determine the optimal wavelength at which to analyze the reaction. The target zone was to get the absorbencies between 0 and 1. I first made up solutions of potassium permanganate at various concentrations, from 0.00005 molar to 0.001 molar.
Using a scanning UV/Vis Spectrometer, the different concentrations of potassium permanganate were analyzed, first doing a full scan to find the max, or the wavelength at which permanganate absorbed the most light. From there I scanned all the other concentrations at that wavelength, and determined the optimal concentration of permanganate for samples in the UV/Vis spectrometer.
From here, the experiments began. My mentor advised me to use formate as a good reducing agent, followed by nitrite, glycolate, and glycine. He suggested glycine for use as a simple model compound for an amine complexant such as EDTA or HEDTA. I ran various experiments using these reductants, while varying the concentration of both the reductant and the permanganate. Table 1 shows all the different reactions performed, showing the concentrations of both the reductant and the permanganate. Some of the reactions were allowed to react, and then when finished reacting, samples were taken out from the reaction and diluted to a concentration of permanganate in the region of the calibration curve. Table 2 shows the dilutions used and the final concentrations of the dilutions that were analyzed in the UV/Vis. Some of the reactions were sampled while the reaction was taking place to determine at what time some of the peaks were maximized, so that this data would be used to calculate extinction coefficients.
Another area we wanted to analyze was how much of the hydroxide was being consumed in a give reaction. Using an Auto Titrator, some of the reaction solutions that contained an excess of the reductant, thus making the end solution clear were analyzed to see how much of the initial hydroxide was consumed. This could be calculated by taking a known concentration of the solvent, sodium hydroxide, and titrating a given volume to calculate how much hydroxide was actually contained in the sample. Then the reaction solutions could be tested to see how much hydroxide was left by seeing the difference in the amount of titrant used from the amount used in the known concentration. Also, by titrating solutions of possible products, and mixtures thereof, I can also establish what products might be contained in the reaction supernatants.
RESULTS
All the reactions except the nitrite reactions, Reactions #: 5, 6, and 7, appeared to react and form various colored solutions and precipitates. On reactions 1 through 14, I waited until a color change occurred, then I took a sample and ran it in the UV/Vis. On these experiments, I wanted to determine what was being formed, and if the end result changed after the initial reaction. Table 4 shows, for reactions 1 through 14, what was observed and if it changed after the first sample was taken.
In reactions 15 through 33, samples were taken of the reaction mixture at given time intervals while the reaction was taking place. These samples were then diluted and ran in the UV/Vis.
From the data obtained one can see the appearance of the manganese(VI) peaks, with the disappearance of the manganese(VII) peaks, and then the reappearance later on. Figure 1 shows an example of one reaction where the permanganate peaks at 546nm, and 525nm decrease while the manganate peaks at 606nm, and 439nm increase, and then in Figure 2 , the decrease of the manganate peaks and the increase in the permanganate peaks. These experiments allowed me to calculate extinction coefficients for manganese (VI) and manganese (VII) at their distinctive wavelengths. Using Equation 1, the extinction coefficient, , can be calculated. The
Absorbance, A, used is equal to the maximum absorbance of the solution at a particular wavelength. The path length is 1cm, the inside diameter of the cell used in all of these experiments. Lastly, the concentration is the concentration of manganese in the dilution solution. Table 4 shows the extinction coefficients calculated. Stewart reports some of the extinction coefficients for Mn(VII), Mn(VI), and Mn(V), (See Table 5 ).
In some of my reactions, especially those using formate, the extinction coefficients of the manganese(VI) ions turned out to be pretty close to the literature values reported by Stewart. This means that at one point during the reaction all, or close to all of the permanganate was converted to manganate. However, this was not the case in the reactions using glycolic acid and glycine. Some of the reactions, Reactions 27-33, never totally turned green, and contained purple permanganate ions. Thus the extinction coefficients never even came close to the literature values. The extinction coefficients reported in showed that there were only permanganate ions in solution.
In reactions 34 thru 39, reactions were done so that the permanganate was completely reduced to manganese dioxide, a brown precipitate, and the supernatant of the solution was titrated to discern products of the reaction and the amount of hydroxide, the solvent that was consumed. In order to find what products were contained in the supernatant of these solutions, several titrations were done using various solutions of chemicals thought to be the products.
Solutions of sodium hydroxide, sodium formate, sodium carbonate, sodium oxalate, glycolic acid, and glycine were titrated. And also various mixes of these solutions were titrated. Table 6 shows the endpoints of these titrations, and at what pH these endpoints occurred. Then these endpoints, especially at the pH values where they occurred are compared to the pH values of the endpoints of the titration of the reactions solutions. Table 7 shows the endpoints of the reaction solutions 34 thru 39, and at what pH the endpoints occurred. From the endpoints, at their respective pH's, the concentration of each of the suspected products of the reaction solutions can be determined, also calculating the amount of hydroxide consumed in the reaction. Table 8 displays the products of the reaction solutions and the concentration of the products, which were calculated using the Equation 2:
The end product is the molarity of the analyte in the solution, or the molarity of hydroxide left in solution. Table 8 also shows the amount of hydroxide consumed, the difference between the original concentration of hydroxide and the ending concentration of hydroxide.
DISCUSSION AND CONCLUSIONS
From experiments 1-14, it can be said that formate reacts the quickest with permanganate to form manganate, the green colored solution. Glycolic acid and glycine react a little slower but also react within an hour with permanganate. Nitrite doesn't appear to react with the permanganate, giving no precipitate, or at least over a reasonable amount of time. Oxalate, which was reacted with permanganate to see if it was stable, or if it reacted, did not react which confirmed beliefs that oxalate could be a product of the oxidation of glycolic acid and glycine. 
For sodium glycolate (since basic solution) the reaction equation is:
For glycine the equation is:
These equations correspond to the amount of hydroxide consumed in the reactions and also the amount of products created. All of the different isolated reactions show that when adding permanganate to tanks containing these reductants, formate would probably react first guess that with an excess of permanganate, all formate would be oxidized to carbonate, and less of the glycolate and glycine would be oxidized unless there was enough excess permanganate.
The tank would probably become less alkaline, given that hydroxide is consumed.
More studies should be done on other reductants that are present in tank waste.
Combinations of the different reductants should be used also, to confirm which products react first, second, etc. Then these solutions should also be titrated to see what products exist and what concentrations of the original reagents are still present. (Stewart, 1965 
